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(54) MIXER CIRCUIT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To restrict an occupied area 
of the circuit, improve a gain, and take out the maximum 
performance of a mixer by feeding a bypass current of 
constant current power supplies F3, F4 between the 
amplifying stage 32 and the switch stage, and 
controlling an operation current independently in a 
gilbert cell type mixer circuit 31, in which constant 
current power supplies F1, F2, an amplifying stage 32, a 
switch stage 33, and an output load 34 are connected in 
series, for mixing a RF signal and an LO signal and 
generating an IF signal. 

SOLUTION: The bypass current is so set that an output 
3rd intercept point OIP3 or a difference value between 
the value of OIP3 and a noise factor becomes a 
maximum. Then, without lowering an input 3rd intercept 
point MP3 greatly, a conversion voltage gain can be 
improved, and a decrease in noise factor NF can be 
restricted. The original performance of the mixer can be 
fully demonstrated, and superior design with efficiency 
can be carried out. 
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3 2 fc*^ y^S3 3 £<DS8HfBte:, |g 3 *3 J; tf® 4 

^m^aiF 3, F4Hti ; eMit, ^ ^^wi 

[0 0 5 8] 

*f«|iaiiaK±^^SiX*VCO (Voltage 
Controlled Oscillator) £>£>ig: 

NMOSh7^M3, M4^&jft5il»St*5 
iTOMOSh^^^MS, M6^feJ5!c5SI»Sttt 
D-^/WlfLOIClSCtNMOS h7^^M3, 
M5i:NMOSh7^^M4, M6i^ ^th^iX 

018 r^-T ^ =^1MeJE§ 2 1 Sr. NMO Sh7 ^ 
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[0 0 5 9] 

5^«AKS^^^rlMs316&3 lM:fcV>"C, 
8BF1, F 2*iJ:t«&*8fEjBtF 3, F4CDlHlj:ttl 
^ix*B2^L<, *fcffl**W3 4 f 350-f^t: 0 - 

«ffiflJ»Ga i njasftfottSiJK-tix^ixKjeSjL 
So rcDBSl, ra«*EBRI*Ga i n©JB«»«MS=<D3& 

T, B5lfil5i««ttflr*RFO»jft*«F«. fct^L«5 0 
MHz-lGHzl^^t, M&ft4tt£0At''tXftttE 
fiJftGa i nS:#5fc6i:i±, g>fyt:'-/y^|f3 

[0 0 6 0] 

~<D £ o icmj&irZ) ^ kX\ .mm&3 2t*-< 
h7^^Ml, M 2 fciS 

#Ga i nOttfig(OSlJidS|g|6tLTt^5o 
[0 0 6 1] 

EI2*5J:WBl3«c/H(na«2^^«ittJHF 3, F4£rffl 

NMO SF7 >- 3 ~M 60KW ^Hiffc I d s 

OlfciMS***-*-. B2li, «WB^-f 2X^S:3 3Sr«* 
1 oONMO S h7^^©V g s - I d s (y 

iRFa l#ftME£fltttHF 3, F4fci5^^1«* 
50 fcvvfclB (Ufc^oT. «T15SI1 7<7>EIKJc:tB^) 

U #HWfa 2*SftTia^«i(EJiRF 3, F4ia5/^^ 4 

[0 0 6 2] 

H2 0>0y-CWt, o-*/Wt*LOIi*lfig:3 2 0NMO 
Sh7^^Ml, M2SrffiS3ffl*fi-C»f^S-e:5^ 
T^tEVr e f (^ttt2. 8 V) ***fcte«BV 
LO (rr~mo. 3V) Tr^ftLT^£ e ^yfg 
3 3&K:fctt5£!fe«ffifU#Ga i n IS, ^fflA^T'fo 

40 [0 0 6 3] 

J:9«ltttOFF««<D»f^S:3ia'C#5wi: 

MO S h 7 # M 3 ~M 6 ©ta«Itx^ Y y f"i 

f«::»vvc* ^^S:SE^cOFFT#5lR««ffi4r 
Vrefi:t^> D-*/VflfLO©fiBVLOtf, 
Vref^VLOt^5BB«3& J *94o^ ^Yyfi 
tt^icoFFt^wt^-et $ Q ::t*, 

ft*Lo©s«vLo*s**Di-«a, y^-WttjPfl 

J0 ItiOt?, IMiKWlGa i nlittt^r^C* 
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So AA3R>f>?-t^h#^>h I I P 3 

Vr e f=VLO^fc «L*t-*-fb-*'5. o£ *) 

IP3^5J:t;itS»NFmi:/^0(t ifi««te" 
Vr e f *rVLOOB8ffi^riE9iCO^TfcSo 
[0 0 6 4] 

fiffiVLOSr, 5/^^^HO F SSilE 
Vr e f tB§^b<iS^"r^o rtltCiot, 
«H5*»«E*I#G a i n £i#ip-rS r t 5 0 
[0 0 6 5] 

MOS F7V^^M3-M6(7) K W^ttittl d s <£> 

««EI pat h3&S:fc#^a, ^yfg3 3C0NMOS 
h?V^^M3^M6^MttSSSE^/h$<, OFF 

^msKi pat hfcioT^-r yfg3 3tzm&z>'m,%t 

&i$Lh-tm<&<Ojji>K J:9*SS*OFF«*oftf^S:JS 
[0 0 6 6] 

ISlpath^ UJ*3 2fe>0^— fe^ h*>0 hO 
I P 3iS**4:*S«t SfcRJfeSjh/C^Sr t-e&5o 
i4it ±3*oJ:5*c«fifcSjxS5^lMHlK3 

^l^ttS^fc 0 — ^>-*|g^3 4, 3 5,. 3 6 Sr. 
^tL^tb-r^^^^Ll, L2, L3«U ^m^c 
IF1, F 2 £\ *tl?tlNMOS h7>^^M7, 
M8tMU ^I»F3, F4^ ^^tlPMO 

[0 0 6 7] 

WSKSF3, F4Sr«*t5PMOS b5V^?M 
9, M10©*^ ^s/fS3 30NMOSh7^ 

jftfS #R F ttlSff^T^^ 3 3 ice*? a r. (Cft 

So «9 PMO S h7^^M9, Ml 0-effi^t- 

*««t^^tt, **ca:«Eofi«aEai[F 3, F4^at 

[0 0 6 8] 

NMOS h7V^^M7, M8{2. fj£ii<£> J: 5 tC+BS 

EVbl^4x.Pjtl5 0 KfiSU:. PMOSh7^^ 
M9, MIOfc, WJfiOi5*c4fEK*LV^3e«*as» 
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So ttrism^A^3 4, 3 5^vt°-^o 
-r^^^^>-^fctsstc^b<is^$nSo Suis^^t 

*mj£Val, Vbl^i^y^^Ll, L2^ 

#Ga i n^fettsAjK-tnwiijesns. 

[0 0 6 9] 

70 ^y^-t^h^yho I P3M*!:^W^ 
*«»n pat hdqtbttS J: 5fc, SME'MT^aJE 

va l^sb^tasstLSo i5it ^^rf-co^maE. 

t4t?%liiS3 2 0NMOS h7^^^Ml, M2 

I p a t h*«{tS*fc»*K*5*t5WE*lftfBffi*lJ» 
Gain. A#3#C>f V* — ir^h^-T^h I I P 3, 
ffl*3 2fe-f fe^h^^hO I P 3*5<fct*$8#fS 

[0 0 7 0] 

2a Suis^^^ass 1 p a t h &mM-tz> mofu ^-r ^ 

fg3 300F F««^»f^dS»*i: ft 9 , SgMtEfU 
#Ga i n^igjDi-S 0 ^Oi5TU ^&SffiPJ»G 
a i nte. /<>f/^til I p a t h#6 OmAtt 1 - ^ 
±:ft<9> I^#L-CA*3j!fe>f >9 — ir^htf^O- b 
I IP3I1 s<s<s<xmM Ipath^2 OmAtt- 

V^<£>~C\ tufS^5i2 000-5914 7 5 
Xtl3}k^ If 9— tZfbtf'Ob I I P 30t^^W 
Sr«3fcLT'<-r I p a t h Sr&ft-f 5 r i: ft, 
30 #'>ft 9 £ fc *»«flEW#G a i n Sr^ttlC-f £ ^ t f£ 
ft!K W:#otlf^NF^TUl$% 

[0 0 7 1 ] 

— fe^ h y FO I P 35:, XMSEftlftG a i n £ 
A^3^y^— fe^h^yhl IP3^/^7^ 

tt. jfc Ipath*3 0mAOt§ tdRHJ^ 

S^y^-t/b^^hO I P 3<7H£f3:t: 0 — ^ tft 

40 £^ftL % ^(^ir^^ffligfn&t-^^-l'/^^^^I path 

[0 0 7 2] 

:Hi:J;oT, 35Sfc^ — fe^ hstf-i' X l> I I P 
3&±Z<fcTiS J £Z>^kte<. «rfBSE««EEfiJ#G a 
i nSrttfU ^Jt^cNF^ffiT^Wx^ttr^Sw 
fcjWM&SttS. ^^c, ^/^Sllpath^Om 
AT*foSS£3RcOlI 1 7CO*^8:(r.Jt^<T, SSIB30mAt 
ttl^3^y^-fe7 , h^yhO I P 3^2. 6 d B 

5a fl-WMS*. Sft*^Av^tt-Srfif.5^tds-C#So 
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[0 0 7 3] 

LOOlgi|SVLO^/hS< JtftifiOJ; 5K&7f£<D 

ft/jvfaas o mA»cSBi-e#i\ OFF tbfEt**9E±k * 
5. L*»Uft*6, fiJISA^ 3 v ^ — ir ;/ h tff W > 
HIP 3<7M#~XAfC|3LTI3\ ifcfcS^f-^LT 

^(c*3Jt5A*3 2fe^ V* — ir^hAK-O- h I I P 3 
[0 0 7 4] 

'O?— ±y"h^4 > hO I P 3*s**ift5^^ 
*!9, StrfBEl 5 t?^i-± 5*ffl*3 2fe>f ir^h^ 

ft4ottot49, tsbtzvti,<mw-tz>k. mat** 

thottt'>4< (#<) i$ 0 ifflj'W* 20 

^m^s i p a t htf>fim s g[riavco^e>^^ s/^g3 

3CDNMOS h7>^^M3-M6^x.&tl5n- 
^ftT*m^3 5Sfe-Y V^— fe^h/Jf-f > hO I P3m 
[0 0 7 5] 

PtlfC, *WE3HMtEE*l#G a i n, *t»ftNF8J: 
tfA*3Wy#- fe^h^Y^h I I P 3 9 

(New Parameter ) §r^ALTt>J:V\ 

[0 0 7 6] 

1116 1c:. mrlStfc!;^ 3 fer^ v ho I P 

3, if^NFfcj:^7^-^NP^yD 7 htT 
^"To *t*»ftNFtt, Jd*ORW^6>M&^*± 5 
^ /h*v«Av\ If^ot, fulE^y-^NP 

*v^tiK*5, ^7^-^NPimt5 0 roia 

6 0i^ mrlS^^^m^I pat h<^ffltt. 30m 40 

t5rtt\ ttit}3Hk^^^— k^h^i/ ho I P 3 
a s HLV\ >^®ijfL I pat hOfffi^r^aii- 

[0 0 7 7] 

[0 0 7 8] 

El 7 f*, *X9l0>lltt£>JB 2 OJgflgGD =; ^IMHB 4 1 CD 50 
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ltt, ttrsti^[gi4r^-r^= 3 fiME]S§3 i fc«cau *fj£ 

fSo ait^#(t ro?*1Matt4 ltll mrlSEl 
1 -C*-T5*1HSK3 1 te*3^53S««lta[F 3, F4 

^^n-KM^Ji52^PMOS h7>^^ 
M9, M9 a ;M10, Ml 0 aT«^tl5r ^Tfc 
5o ttTlSPMO S h7^^M9, Ml OCO^— 

WcPMOS h7^^M9 a, MIOaOy- MC 

/^77«EVal, Va-2fi, W</WDu — # 

/Wt*LO*SA*S*tfcttHR^ ffllEttl^3 2fe^^^- 
i?^ htf^V hO I P 3 4fci4>*7>— *NP#*:fc£ 

[0 0 7 9] 

roi?^ ^«Sfi2SF3, F4^h7>^^T« 

U $ fete h^^^^S:, KSHK£*tfc 
2®C0PMOS h7^^M9, M9 a ; Ml 0, M 

1 0 afMt5:il:iot, fltrffi^M^SStei p 
a t h©«»»«S:ift±t5'r tdST*#5 0 
[0 0 8 0] 

[0 0 8 1] 

in 8 ft, &?zm<DmM<vm s <D%m<D $ ^imhik 510 
int. W3aoBii-e*-rs^iMaK3 lfcswau 
i-*. ait^fit w»*«#RFds. iKra^Hi-e 

T, ro*^rt|sIB5 l"ett^^A*t4oTV>5 
^ttfc^o rtttC^UT. i#*MS3 2te«Jl£i^J§&: 
fff-RF^y- MCA^£*L5NMOS h7^^M 

OS h7^^^Ml 2, Ml 3 £*VCV^ 0 
[0 0 8 2] 

ifriENMos h7^^Mi ioy- ^i^ico^m 

SS21F 1 1 ^Un- i^/i^aJEKS^SftTite 

0 , KW ^iCIiltrlSNMO Shy IsisXfM 1 2 , M 

1 3 0V— ^35SgjBB$tt5 Q itf!5NMOS h^>-^x^ 
Ml 2, Ml 3<D -KW^f4l!WBHl*<Hl(f3 4, 3 5* 

tc, *MJ»jft«*i F©^9^ffl**tft«. 4fc. 
tu!5NMOS F7^X^M1 lO -T^t?^ 
fHS3 2 i^>f ft3 3 ff!2<D5Em 
?5SaiF 1 2^1T, U-<yK75«as^fc^^^« 
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[0 0 8 3] 

«Sffi I p a t h^W^oJ:p^ta*3»:-f ^^—-fe^h 

[0 0 8 4] 
[0 0 8 5] 

Itt. ttSfiOB 1 -ea^" 5**10*3 IKlflHRU *tJS 

*ina*2 i KitaffiiLT^So 

[0 0 8 6] 

Lfcaso-c, «ris*§«&3 2«— *foNM h7^^ 

Ql, Q2 36»fejft5, tWa^^f yfg3 3|j:2»(DNl 
h7^^Q3, Q4;Q5, Q6^&*rtStt5. 
^Sif^-R F ov^^A^ME h 9 >^ * Q 
1, Q 2 {C^ttl^tl-^-K. b*U 

0<p^7>-^A^^S(rlB h7V^*Q 3, Q 6<7)-<~- 
^^ii;h7>'v ; ^^Q4, Q 5 (D^—XlZ^tl^ft-S- 

7^?Q4, Q6©3^^ ffl;frftffir3 4 > 3 

t>te, +iB«ftflr»i F©^9^fflA»i**. wis 

«fcT*f&2<D^«;SIMgF 2 1, F2 2^LTc-l/^ 
0«K»cSa*Sn"C*5 9, *fcttEh7V^^Q 1, 

[0 0 8 7] 

mna f^^^q i, Q2a>=w*#, 

%«ffJK3 2 *3 3 i©«WWc, US 3 is X 

VtM4<Dfe9MMF 2 3, F2 4t^lt, MW<4/ 

b/<>r^<^«« 1 pat ha*0fes&£2fc,<5. :o 

3£«atSKF2 3, F2 4^fc(7)/^/^t8IElpa th 

Srs W«oJ:5lc:ffl*3»:-f v*—- fe^haK^V'ho i 
P 3 4 fc 7^-^NP 4 5 j; 5 icRgt 
<5* 
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[0 0 8 8] 

r^)J:5[clT, /^^-7h7>^^(OM-efco 

IStfSrfTprt^^tSo /^#-7h7>^ 

■g-R F Htt Jx W««EA*ffl*cft 9 , tixCWttH 1 
«Ufc5*MHH*3 1 £**ttfcH«fc«2fflr*. * 
7t. S«SEtiF2 1 f F 2 2 t s /W^-7h7>^7 

h7^X^Ol^il^f^ M^th7^^Q 
1, Q2;Q3, Q 4 ; Q 5 , Q6 Offi«#tt3r#y;t £ 

[0 0 8 9] 

**W0|Hife^5<0?gffi{cov^-C, 010-115(1 

s^TRwrttwr. aT©t*35-cfc5. 

[0 0 9 0] 

Hioii, ^m<Dmm<om 5 <di&i&<d 5 *iNa* 7 1 

B&^-^o ait^ttt, r o 5 ^mhii* 7 im »j» 
[Ei£g7 2 (aotD-^/m^Loot'-^M^ai 

U *0*ffi*£*faSC-C* «MEJ(S3*5J:r/*4^»t 
«HtSri*t5*^3-K«»SJxfc2aoPMOS h 
9 >i/X?M9 t M9 a ;M10, M10a(D/^7^ 
ffiJEVal, Va2£ s SfflSffi^ 3 »C-r ^ h 

-T^hO I P 3*fctt/<7^-^NP***i45J: 5 

[0 0 9 1] 

Sfc, Z(D^ =*1HeIK 7 1 t?tt x «H5«fBB 2 0 0 1-1 
2 7 5 5 5^T^Jg$nTi^^ifl^^ iUJli£fi# 
RFtDA**?*:, ttffi«jftflr*RFdSA*Stt536» 
*fWffi^fflSt5NMOS Yy^J^9(0 KW^S 

^o *iMB»*flc«) £ 6 * - 9 , 

tt, «TlcRWfSJ:3Jc, IWE* C p 1 , C 

p 2«:U-fT* h±-Cay/V HKllBBtL-CV^a i it 

[0 0 9 2] 

50 fc, fcfc**<Wl^^X-C^ia»JblC»J*UT<|>» 
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*8liai»±OEIl03»ir^J:oT»tt#J|*or< 
[0 0 9 3] 

5te1\ ^ S3 3 0NMOS h7>^^M3-M 
6^K7!> Mco^T, Hll^Hl3M^tRW 

ffi^HIiBi-Sfcfet. ftfNMOS h7^^M3, 
M4 ;M5, M6^Ji»»teB8LTtt v ^»<W|iailI» 

fcSWOSMWU Aft* L^ig^r^ 5. 

[00 94] 

^ftftl^f*^ HIl lTv^tNMOS h7^7^M3, 
M4;M5, M6£r, H 1 2 T^-T<fc 5 ftE5IH"C*a 
-T5o ZV>m 12tlt ^ir^SW t-tft-Pftt&IE 
ft/h*fflotLtV^. 1 2 6O0fjT*fi, NMOS 

F7>^^M3, M4 ;M5, M6^tWj;2tfe 
3<£>T\ ^NMOS h^^y^^MS, M4 ;M5, M 

T, il3TvTt±9|^ x £0*/h*-**'l4I (W = 
a) h7>^^M3 1, M 5 1 ; M 

61, M4 1 ;M32, M52 ;M62, M4 2Sr, A 
ft*ttte:E*9U ffiJOSttfSo 
[0 0 9 5] 

[0 0 9 6] 

Bui:i4, mrismico^msgai^ffi^i-^NM 

^NMOSF7V^^M7, M8it ¥ttft£fc8tlBl 
K±T% if*§^:3 2fc:fcv^^ft^fttc#j£1-5NMO 
S h7y^^Ml, M2tC*fLT, — im±KEJUS 
ft5*>-Cttfc< % HWtttcraLTEHLTt^S. rft 

Sr, ffeE^t5S2l-rS-i:^<. lCMfttMMt3 2 on 
MOSh7^^Ml, M2y-M^5rt^t 

[0 0 9 7]. 
ZblZlZfc, ^(Diai4-Ctt, ^^^L3^ L3 
a tLSbifcllJIICfdMU «H4«r»;i-C^5o - 
©±5fc«MV^Wtc:«»&E«i:"rsr fct\ i&tfHMb 

[0 0 9 8] 
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^ifEftSfltSfcffii:, ^2<?5^«atag"e&5NMOS 
^^M8«n5 ttflMK *Wf L < * 6 J: 5 fcR 

^sftr^So ^fti*> w**s*u<ft«a, -otr— 
ir^ >^ ^ l 3 ^#*aiEix5a[«m 

3 0EI»«S:»E<"r5*, ^yt'-^|f(7)fitffi 
[0 0 9 9] 

WfSSSJSafeW-^RFOA^fiS^RF I N-, RFI 
N + £, »*«ft«»RFtfA*Sn5je»a-0#B^ 
ttStSNMOS h7y^?Ml, M20>KW>-g|3 
CONodel, Node 2(31. ^t^'^Cp 1, Cp 
2S:^LT^3l^i^LT^-5o JWtt&Kltt* 12 1 5 [CTjk 

SSEfiU **bboE«HBKi«j***L5*fe«*teJ: 
oTg3BE1-So r<DE«ftW 

[0 10 0] 

*5V^T— h7^^^- h ti&Jj<D h7^ 

h ^ >- v?^ ^ <D#mi&mz X o £ ftT. KK^ 

K§Eft5ri^ iiatoj: 5Wf^Cp 1, Cp2£r 

fcfcV*. Lfc^oT, Nodel, Node 2_LT% S 

[0101] 

itna**^* c P 1 , c P 2^ its se^PhIo 

[0 10 2] 

fc*5, JixBoJ: 5**t^>?Cp l, Cp2*5J:U { h 
B31, 4 1, 5 1, 6 lfCoV>TtH«^affli-Sr. 
[0 10 3] 
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v.#5t<o»flr&it* a\c^h^ m 1 is zztm 2 

«*^fcv*bft«*^*J5fcO F Fttfts«r3*5W3 J: ? 
tt> Lfc#o-CSe#MtJEBI#Ga i ntf>14fg<£>rnj_t:£[g] 

■ets. 
1 0 1 0 4 1 

Sr, aj^32fc-f>-^— feT'hsffW^'hO I P 3&m*:k 
[0 10 5] 

Ztl®*.. At) 3 ±7" htf'f >- h I I P 3£ 

7c£<{£T£-t»:5r £fr<. m&m&W&G a i n 

[0 10 6] 

3ft-ri^^— feT'hsK^f V HO I P 3 iriBt^igifcNFi: 
[0 10 7] 

■?:*u$>;t, AT^J 3 jSc-Y >" ^ — Ir 7° h tK-Y h I I P 34 
*§<fiTS*5Ci«i:<, X&*£BBJ#Ga i n 

ft^RfHSrfrS 5. 
[0 10 8] 

swawbu mmmti 3 tyhx^^bo i 

P 3 *3 £ T>Vn* i: 5 ' W «8& <D 
[0109] 
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(- 5 dp.*«Ott«Sr**:ti-53ex£Lfc»Jffll!»Br|gi/j; 
5. 

[0110] 

^gjf^^jSV^-C, OFF »jf^^^± fc ft 5 igtimiE £ fit 
1B£ 2 <oft-9-<ojSM«:MF« U < 5. 
[0 111] 

70 ^rtt^x., £»ttEE#l#G a i n *Jf Art"* r i: 
[0 1 12] 

Elt«Sk*s, S6ib*tSr«i«r«-#©*i*5J:a 5 Jll2© 

wis 6 > 5 > i?^ * i tf&m&m zftxs&z yy/w* 

IE* 3 ****** 6© l-yy^^O^- h4 6WciltrE 
*4*jJ:tfJIS5<o Hc*ix-eiv** 
fcft, MUm33$£Xfims<Db : 7>'i?7-*<Db°i'^>tj: 

m 1 *3 «t TJ 5 ^ 2 <£>S«SftaiI£;fr Ltn- U^©®Et 
8fe»S*tr*J5» *fci!WBj|5i*JJ:i/»2©h9>'^ 

[0 113] 
[0 1 14] 
[0115] 
[0 116] 
[0 117] 

5. 

50 [0118] 
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U A*t^«fcii*US*Lfc*i6fc»j*-ra. 
[0 119] 

[0 12 0] 
[0121] 

^r^^x. a*a{b*««ajE©ai!ite:BB*>&i\ «wa 

[0 12 2] 
[0 12 3] 

[0 12 4] 

IBS? 1 is «fc tf» 2 (D^mffiM*^ 7 33 i T>*gS 8 <D h 7 ^ 

^?t«rtu mi*Jit/m2ro h7y^^roy- 

9 KM <OX\^i < % MKPttKff 

[0 12 5] 

**t«3>*.» ffif5^1*5«tT>'m2© h5 V-^*<D^- h 
te**fe*i3ai ©«*©«^fca<^*<oa-Saii: 

[0 12 6] 

#aw<os*-smi»H:, tui^i?^ —n<om 

[0 12 7] 

^ti^x. gjii £ ttfc 2 o©flr-S«»©aaSrfr fc: «fc o 
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[0 12 8] 

10 ^iS7.#frb&z~>i'7'^/<7i'7m<D**-y-m$&-e&> 
9, m^micom-^co^^v/^xtiTimmmi co b7^ 

?<t}&MnM2is£xfim3<o h7^?oy-n:4 

fBlgl© h7>'W©y- ^ 1 (OJglgMM&ft 
LTn — U-</U©maStCgSi^*ttT*5 9, fJlESS 1 © h 

20 ©g^SBtc:, a2<05g«aa<Hl-L-T\ A-f i/^vwl 

[0 12 9] 

mmcomm^mm] 
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